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Objective : Retrograde suction decompression (RSD) is an adjuvant technique used for the microsurgical treatment of large 
and giant internal carotid artery (ICA) aneurysms. In this study, we analyzed the efficacy and safety of the RSD technique for the 
treatment of large and giant ICA aneurysms relative to other conventional microsurgical techniques.
Methods : The aneurysms were classified into two groups depending on whether the RSD method was used (21 in the RSD group 
vs. 43 in the non-RSD group). Baseline characteristics, details of the surgical procedure, angiographic outcomes, clinical outcomes, 
and procedure-related complications of each group were reviewed retrospectively.
Results : There was no significant difference in the rates of complete neck-clipping between the RSD (57.1%) and non-RSD (67.4%) 
groups. Similarly, there was no difference in the rates of good clinical outcomes (modified Rankin Scale score, 0–2) between the RSD 
(85.7%) and non-RSD (81.4%) groups. Considering the initial functional status, 19 of 21 (90.5%) patients in the RSD group and 35 of 
43 (81.4%) patients in the non-RSD group showed an improvement or no change in functional status, which did not reach statistical 
significance.
Conclusion : In this study, the microsurgical treatment of large and giant intracranial ICA aneurysms using the RSD technique 
obtained competitive angiographic and clinical outcomes without increasing the risk of procedure-related complications. The RSD 
technique might be a useful technical option for the microsurgical treatment of large and giant intracranial ICA aneurysms.
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INTRODUCTION
Retrograde suction decompression (RSD) is an adjuvant 
technique used for the microsurgical treatment of large and 
giant internal carotid artery (ICA) aneurysms. RSD promotes 
an adequate degree of relaxation of the aneurysmal dome, en-
abling the surgeon to fully dissect the ICA with branches and 
the aneurysm itself. After Flamm9) published the first techni-
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cal note on direct aneurysm puncture for suction decompres-
sion in 1981, this technique, termed RSD, was modified by 
Batjer and Samson3). Since the introduction of the RSD tech-
nique, more than 500 aneurysms have been treated using this 
approach, and morbidity and mortality rates of 19.9% and 
1.3%, respectively, have been achieved10). Furthermore, the RSD 
technique enables the adequate relaxation of the aneurysm 
dome by applying temporary clipping on the extracranial and 
intracranial carotid arteries and aspirating blood by direct ICA 
puncture, which may raise concerns about procedure-related 
complications such as thromboembolic ischemia, ICA dissec-
tion or occlusion, and anemia. Therefore, it is critical to moni-
tor the impact of using RSD techniques on clinical outcomes. 
Although a number of studies have reported the feasibility of 
the RSD technique, there has been no objective analysis to 
compare the efficacy and safety of RSD with other microsurgi-
cal techniques. In this study, we analyzed the efficacy and safety 
of the RSD technique for the treatment of large and giant ICA 




This retrospective study was approved by the Institutional 
Review Board of Severance Hospital at the Yonsei University 
College of Medicine and the requirement for informed con-
sent was waived (subject number : 4-2016-0111). From January 
2005 to December 2016, 2945 intracerebral aneurysms were 
treated at our institution. Among them, 259 (10.0%) were large 
(10–24 mm) and 35 were giant (≥25 mm) intracerebral aneu-
rysms, and 138 were in the ICA. Seventy-four aneurysms were 
treated by the endovascular method, and 64 ICA aneurysms 
were treated by the microsurgical method, which were then 
divided into two groups according to whether the RSD meth-
od was used (21 in the RSD group vs. 43 in the non-RSD 
group).
Treatment strategies for large and giant ICA an-
eurysms and patient assignment
The treatment strategy for large and giant ICA aneurysms 
in our institution is summarized in Fig. 1. Cases of aneurysms 
requiring microsurgical treatment were considered first, and 
for other cases, endovascular treatment was preferred. When 
considering microsurgical treatment, we checked whether 
RSD was necessary, and if microsurgical treatment was possi-
ble without RSD, microsurgical treatment was performed 
without RSD. If RSD was needed, we checked whether RSD 
was possible. If the microsurgical treatment could not be per-
formed because RSD was not possible despite the need for mi-
crosurgical treatment, endovascular treatment was performed, 
Fig. 1. Flow-chart of treatment strategies for large 
and giant internal carotid artery aneurysms and 
patient assignment. ICA : internal carotid artery, 
RSD : retrograde suction decompression.
138 large & giant ICA aneurysms
74 endovascular treatment
32 simple coiling
17 stent assisted coiling





17 clipping with pterional approach
23 additional skull base approach
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or non-RSD treatment methods, such as trapping and bypass, 
were considered in selective cases. Through this decision-
making process, treatment methods for each aneurysm were 
determined, and patients were assigned to the RSD group or 
non-RSD group accordingly.
Microsurgical treatment was considered preferentially for 
the following conditions : 1) lesion that requires immediate 
decompression due to an accompanying mass effect such as 
cranial nerve palsy or hydrocephalus; 2) ruptured aneurysm 
accompanied by a large intraparenchymal hematoma or which 
increases intracranial pressure, requiring simultaneous clot 
evacuation and decompression; 3) lesion with a wide neck or 
high dome-to-neck ratio which may lead to a high chance of 
recurrence with endovascular treatment; 4) lesion that is ex-
pected to be difficult for endovascular treatment due to diffi-
cult parent arterial geometry; and 5) multiple intracerebral 
aneurysms identified on the ipsilateral side that need to be 
treated simultaneously.
For the microsurgical treatment of large and giant ICA an-
eurysms, cases where the RSD technique was needed were as 
follows : 1) if the intracranial proximal control of the aneu-
rysm is difficult because of the juxta-dural ring location of the 
aneurysmal neck; 2) if large and giant ICA aneurysms occupy a 
large volume in a narrow surgical field, so atraumatic manipu-
lation of the adjacent neurovascular structure is expected to be 
difficult without debulking of the aneurysmal sac; 3) if clipping 
is expected to be difficult due to high intra-aneurysmal pres-
sure and deflation of the aneurysm is necessary; 4) if direct 
temporary clipping is not possible due to calcification or ath-
erosclerosis of the parent artery; and 5) if intraoperative angiog-
raphy is required to confirm patency of arteries branched from 
the ophthalmic and communicating segments of ICA and to 
confirm complete ligation of the aneurysmal neck after clip-
ping.
The following cases were considered unsuitable for the RSD 
technique : 1) if the aneurysm was located in the infraophthal-
mic region so the proximal aneurysmal neck could not be ex-
posed, even with RSD; 2) calcified or thrombosed aneurysms 
that could not be debulked by RSD; 3) despite using the RSD 
technique, clipping would be expected to be hindered due to 
the positional relationship between the anatomic structures 
around the aneurysm, such as the optic nerve, and the aneu-
rysmal neck; 4) if aspiration of the blood was expected to be 
difficult due to extensive stenosis of cervical ICA; 5) tempo-
rary clipping for RSD was expected to cause ischemic compli-
cations in the ipsilateral hemisphere due to the lack of cross-
collaterals from the anterior communicating artery (AcomA) 
and posterior communicating artery (PcomA); and 6) tempo-
rary clipping for RSD was expected to cause ischemic compli-
cations in the contralateral hemisphere due to stenosis or oc-
clusion of a large artery in the contralateral hemisphere.
Classification of large and giant intradural ICA 
aneurysms
Because of the characteristics of large and giant ICA aneu-
rysms, including a wide portion of the distal ICA that causes 
deformation of normal anatomical structures, it was not ap-
propriate to classify large and giant ICA aneurysms using the 
conventional classification system, which categorizes ICA an-
eurysms in relation to anatomical structures such as the ante-
rior clinoid process (ACP). Therefore, the location of the large 
and giant ICA aneurysms of patients enrolled in this study 
were classified into three groups according to their positional 
relationship with the ophthalmic artery as follows : infraoph-
thalmic, paraophthalmic, and supraophthalmic. Furthermore, 
in terms of the direction of the aneurysm, the location was di-
vided into four groups in relation to the cross-section of the 
ICA : lateral, medial, ventral, and dorsal15).
Surgical procedure
Preoperative preparation
Three-dimensional computed tomography (CT) angiogra-
phy was performed to assess the geographical relationship be-
tween lesions and the surrounding anatomical structures and 
the characteristics of aneurysms such as calcification or 
thrombosis. Bone window-setting CT was performed to as-
sess the pneumatization of ACP to avoid cerebrospinal f luid 
leakage and postoperative infection. Digital subtraction angi-
ography (DSA) was routinely conducted to check the cross-
collaterals from the AcomA and PcomA. The height of the bi-
furcation of the common carotid artery (CCA) and the degree 
of stenosis in the cervical ICA was also checked by DSA. Bal-
loon test occlusion was performed in selective cases of unrup-
tured aneurysm to determine whether bypass surgery was 
necessary.
Cerebrospinal fluid drainage such as spinal drainage or in-
traoperative extraventricular drainage through Paine’s point 
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was performed to facilitate adequate brain relaxation during 
the operation if necessary. Intraoperative monitoring of mo-
tor-evoked potentials was prepared to watch for ischemic 
events during surgery, while a compressed spectral array was 
adopted to check for burst suppression on electroencephalo-
grams during temporary occlusion. Indocyanine green video-
angiography and/or intraoperative DSA was prepared to con-
firm complete clipping and preservation of blood flow in the 
parent artery. Microvascular Doppler ultrasonography was 
used regularly to assess the blood f low of the parent and 
branch vessels.
Surgical techniques of RSD
The patient was positioned supine with the head rotated 
about 30° to 45° to the contralateral side. To facilitate expo-
sure of the cervical carotid artery, the head was slightly elevat-
ed prior to fixation and the neck was slightly extended. A 
standard pterional craniotomy was performed in most cases 
and the orbitopterional or the orbitozygomatic approach was 
considered if wider exposure was needed. Interfacial dissec-
tion was completed for extensive soft tissue dissection, sparing 
the frontotemporal branch of the facial nerve. After dural 
opening, a microsurgical dissection of the Sylvian fissure and 
arachnoid cisterns was accomplished for distal control of the 
aneurysmal segment. A site for distal temporary clipping was 
prepared proximal to the PcomA. Anterior clinoidectomy was 
performed if necessary, to expose the proximal aneurysmal 
neck, either intradurally or extradually depending on the case, 
although most of the anterior clinoidectomy procedures per-
formed in this case series were intradural at the clinician’s dis-
cretion.
Simultaneously, the CCA, cervical ICA, and external carot-
id artery (ECA) were exposed routinely for RSD and intraop-
erative angiography. A vascular occlusive clamp was applied 
to the CCA and ECA but not the ICA so as to avoid direct in-
timal injury of the ICA. Then, the ICA was punctured with an 
18-gauge angiocatheter. Following application of a temporary 
clamp to the CCA and ECA, an extension line was connected 
to the angiocatheter. A three-way stopcock was added to the 
extension set and RSD was performed using a 20-mL syringe 
after a gentle test aspiration of blood to avoid intimal dissec-
tion.
The aneurysm was trapped temporarily by placing a tempo-
ral clip on the intracranial ICA distal to the aneurysm neck 
and proximal to PcomA. If the lesion was visualized to origi-
nate from PcomA, a temporal clip was applied to the PcomA 
proper and proximal to the anterior choroidal artery. After 
clamping of the CCA and ECA, blood was aspirated through 
the catheter introduced into the cervical ICA, resulting in the 
collapse of the aneurysm, enabling the surgeon to complete 
dissection and neck-clipping. Temporary occlusion for RSD 
was initiated after confirming burst suppression on electroen-
cephalogram by compressed spectral array monitoring, which 
was accomplished using pentothal sodium. The occlusion 
time was limited to within 5 minutes, even though there were 
no obvious changes in motor-evoked potentials. RSD was re-
peated after declamping the arteries for a period that was lon-
ger than each occlusion time. These procedures were repeated 
until complete clipping was confirmed.
Intraoperative DSA through the catheter placed in the cer-
vical ICA was used to confirm complete clipping without ste-
nosis of the parent artery. Complete hemostasis at the punc-
ture site was achieved by suturing.
Clinical and radiographic outcomes
Details of the surgical procedure, angiographic outcomes, 
clinical outcomes, and procedure-related complications were 
reviewed retrospectively. The details of surgery in each group 
such as operation time, total blood loss during surgery, and 
temporary occlusion time were compared to review whether 
performing the RSD technique led to a significant difference 
in any aspect of the surgical procedure. Postoperative angio-
graphic results were categorized as complete occlusion, partial 
neck remnant, and incomplete occlusion based on the results 
of postoperative angiography. Clinical outcomes were assessed 
using the modified Rankin Scale (mRS), which was evaluated 
1 month after the surgical procedure. Procedure-related com-
plications were defined as any symptomatic or asymptomatic 
events after the surgical procedure. RSD-related complications 
were defined as any complications that were directly attribut-
ed to the RSD technique itself such as cervical ICA injury, 
ischemic complication related with temporary clipping, and 
anemia caused by aspirating too much blood for RSD. All data 
and outcomes of patients with complications were summa-
rized.
Statistical analysis
All statistical analyses were performed using SPSS Statistics 
J Korean Neurosurg Soc 64 | September 2021
744 https://doi.org/10.3340/jkns.2021.0066
version 22.0 (IBM Corp., Armonk, NY, USA). An indepen-
dent-sample t-test and Mann-Whitney U-test were used for 
numeric variables, and the chi-squared test or Fisher’s exact 
test were used for nominal variables. A p-value less than 0.05 




A comparison of the RSD and non-RSD groups indicated 
no significant differences in baseline characteristics of the pa-
tients or aneurysms including the ratio of ruptured aneu-
rysms, and the size, location, and direction of aneurysms. The 
RSD group included four men and 17 women with a mean age 
of 54.4±10.1 years (range, 37–67). Five (23.8%) of the 21 pa-
tients in the RSD group had ruptured aneurysms and present-
ed with subarachnoid hemorrhage. Among 16 patients with 
unruptured aneurysms, seven cases (33.3%) developed visual 
symptoms, one (4.8%) developed ptosis due to oculomotor 
nerve palsy, six (28.5%) developed headache, one (4.8%) de-
veloped hearing symptoms, and one (4.8%) was an incidental 
finding.
The mean aneurysm size in the RSD group was 18.0±7.2 
mm (range, 10.0–34.6) and there were 16 (76.2%) large (10–24 
mm) and five (23.8%) giant (≥25 mm) aneurysms. The mean 
aneurysm size in the non-RSD group was 16.7±7.8 mm (range, 
10.0–50.0) and there were 39 (90.7%) large and four (9.3%) gi-
ant aneurysms. Although there was no statistical significance 
in aneurysm frequency between groups, giant aneurysms 
tended to be more frequent in the RSD group whereas most 
non-RSD groups had large aneurysms. According to aneu-
rysm location, the RSD group consisted of four (19.0%) 
paraophthalmic and 17 (81.0%) supraophthalmic segment an-
eurysms and there were no infraophthalmic aneurysms in the 
RSD group. In the non-RSD group, there were three (7.0%) 
infraophthalmic, one (2.3%) paraophthalmic, and 39 (90.7%) 
supraophthalmic segment aneurysms. Paraophthalmic aneu-
rysms tended to be more frequent in the RSD group and most 
non-RSD groups were composed of supraophthalmic aneu-
rysms even though there was no statistical significance be-
tween groups. The baseline characteristics of the included pa-
tients and aneurysms are summarized in Table 1.
Summary of surgical procedures
The operation time and temporary occlusion time were 
both longer in the RSD group compared with the non-RSD 
group, but the total amount of blood loss during surgery was 
not significantly different between the two groups even 
though the aspirated blood volume when using the RSD tech-
nique was included in the total blood loss of the RSD group. 
The mean operation time and mean temporary occlusion 
time for the RSD group were 616.0±70.9 minutes (range, 480–








Age (years) 54.4±10.1 56.5±11.2 0.480
Female 17 (81.0) 39 (90.1) 0.422*
Hypertension 8 (38.1) 21 (48.8) 0.418
Diabetes 1 (4.8) 2 (4.7) 0.999*
Smoking 1 (4.8) 0 (0.0) 0.328*
Initial presentation 0.597*
Hemorrhage 5 (23.8) 13 (30.3)
Visual symptom 7 (33.3) 11 (25.6)
Ptosis 1 (4.8) 5 (11.6)
Headache 6 (28.5) 9 (20.9)
Hearing symptom 1 (4.8) 0 (0.0)
Incidental 1 (4.8) 5 (11.6)
Aneurysm size (mm) 18.0±7.2 16.7±7.8 0.300†
Large (10–24 mm) 16 (76.2) 39 (90.7) 0.275*
Giant (≥25 mm) 5 (23.8) 4 (9.3)
Aneurysm direction, 
right : left
7 : 14 19 : 24 0.407
Aneurysm location 0.052*
Infraophthalmic 0 (0.0) 3 (7.0)
Paraophthalmic 4 (19.0) 1 (2.3)
Supraophthalmic 17 (81.0) 39 (90.7)
Aneurysm direction 0.566*
Dorsal 6 (28.6) 11 (25.6)
Ventral 8 (38.1) 21 (48.8)
Medial 5 (23.8) 4 (9.3)
Lateral 2 (9.5) 6 (14.0)
Fusiform 0 (0.0) 1 (2.3)
Values are presented as mean±standard deviation or number (%) unless 
otherwise indicated. *Fisher’s exact test. †Mann-Whitney U test. RSD : 
retrograde suction decompression
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720) and 2113.3±1366.7 seconds (range, 50–3523), respectively. 
Total blood loss during the operation including aspirated 
blood in the RSD group was 1229.0±1009.6 mL (range, 310–
4700), while the mean volume of aspirated blood was 368.1±
209.5 mL (range, 90–750). Operative details are summarized 
in Table 2.
Outcomes and procedure-related complications
The outcomes and complications in the two groups are 
compared and summarized in Table 3. The mean follow-up 
times of the RSD group and the non-RSD group were 54.9±
39.7 months (range, 7–127) and 59.4±52.1 months (range, 
7–156), respectively. There was no significant difference in the 
rates of complete neck-clipping between the RSD (57.1%) and 
non-RSD (67.4%) groups. Similarly, there was no difference in 
the rates of good clinical outcomes (mRS score, 0–2) between 
the RSD (85.7%) and non-RSD (81.4%) groups. Considering 
initial functional status, 19 of 21 (90.5%) patients in the RSD 
group and 35 of 43 (81.4%) patients in the non-RSD group 
showed an improvement or no change in functional status 
and there was no statistically significant difference.
Two of the 21 patients in the RSD group showed decreased 
function compared with their initial status. One patient with a 
left supra-ophthalmic segment ICA aneurysm whose neck in-
corporated the anterior choroidal artery suffered postoperative 
right hemiparesis because of deliberate sacrifice of the anterior 
Table 2. Comparison of surgical procedures between 21 cases undergone RSD and 43 cases undergone other than RSD
Variable RSD group (n=21) Non-RSD group (n=43) p-value†
Operation time (minutes) 616.0±70.9 529.3±215.1 0.024
Temporary occlusion time (seconds) 2113.3±1366.7 1978.5±2077.2 0.027
Total blood loss (mL)* 1229.0±1009.6 985.8±1164.7 0.091
Aspirated blood volume for RSD (mL) 368.1±209.5 - -
Values are presented as mean±standard deviation. *Include aspirated blood for RSD procedure. †p-value using Mann-Whitney U test. RSD : retrograde 
suction decompression
Table 3. Comparison of angiographic outcomes, clinical outcomes and procedure-related complications between 21 cases undergone RSD and 43 
cases undergone other than RSD
Variable RSD group (n=21) Non-RSD group (n=43) p-value
Follow-up time (months) 54.9±39.7 59.4±52.1 0.723*
Angiographic outcomes (%) 0.076†
Complete 12 (57.1) 29 (67.4)
Neck remnant 8 (38.1) 6 (14.0)
Incomplete 1 (4.8) 8 (18.6)
Clinical outcomes (%) 0.999†
mRS 0–2 18 (85.7) 35 (81.4)
mRS 3–6 3 (14.3) 8 (18.6)
mRS change (%) 0.938†
Improved mRS 6 (28.6) 13 (30.2)
No change in mRS 13 (61.9) 22 (51.2)
Worsened mRS 2 (9.5) 8 (18.6)
Procedure-related complications (%) 0.176†
Asymptomatic 2 (9.5) 0 (0.0)
Symptomatic 6 (28.6) 13 (30.2)
Values are presented as mean±standard deviation or number (%). *Independent samples t test. †Fisher’s exact test. RSD : retrograde suction 
decompression, mRS : modified Rankin Scale
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choroidal artery for complete neck-clipping (postoperative 
mRS score, 3). Another patient with a right para-ophthalmic 
segment ICA aneurysm suffered rebleeding 1 month after clip-
ping and became comatose (postoperative mRS score, 6). An 
additional six patients in the RSD group had complications. 
Three were asymptomatic (two venous infarction and one sub-
dural hematoma) and the other three had symptomatic but 
transient complications (one oculomotor nerve palsy, one right 
hemiparesis, and one partial seizure). There was no complica-
tion that was attributable to the RSD technique itself. The over-
all morbidity and mortality rates of the RSD group were 33.3% 
and 4.8%, respectively. Details of postoperative complications 
observed in the RSD group are summarized in Table 4.
DISCUSSION
The results of this study showed that there was no statistical 
difference in angiographic outcomes and clinical outcomes 
between the RSD and non-RSD groups. Furthermore, 21 pa-
tients were treated using the RSD technique and most of these 
patients (19/21; 90.5%) showed good clinical outcomes, sug-
gesting RSD might be an effective and safe adjuvant technique 
for the microsurgical treatment of large and giant intracranial 
ICA aneurysms without increasing the risk of procedure-re-
lated complications.
Large and giant intracranial aneurysms, which constitute 
3.0% to 13.5% of all intracranial aneurysms7,28), require special 
attention because they show several different features com-
pared with usual small aneurysms. First, large and giant intra-
cranial aneurysms impart a much higher risk of rupture as the 
size increases32,34). Also, in addition to subarachnoid hemor-
rhage due to rupture of the aneurysm, patients experience 
characteristic clinical manifestations such as pain or cranial 
nerve palsy due to the mass effect18). Large and giant aneu-
rysms often present with thrombus formation into the sac, 
causing thromboembolic symptoms and hindering the com-
plete obliteration of the aneurysm by microsurgical clipping 
as well as endovascular treatment, causing poor clinical out-
comes5,12). Finally, relative to small aneurysms, the rate of 
complete occlusion is low and the risks of recanalization, 
morbidity, and mortality after recanalization and rebleeding 
are high as the size of the aneurysm increases6,20). For these 
reasons, a different approach for the treatment of large and gi-
ant intracranial aneurysms is needed.
The treatment of large and giant ICA aneurysms has re-
mained challenging because of the complex proximity of sur-
rounding anatomical structures such as the optic nerve, proxi-




















1 M 37 Subarachnoid 
hemorrhage
Left Supraophthalmic Ventral 16 CO AchA occlusion, right 
hemiparesis, permanent
1 3
2 F 46 Subarachnoid 
hemorrhage
Right Supraophthalmic Ventral 29 CO Venous infarction, no 
symptom
1 1
3 F 53 Incidental Right Paraophthalmic Dorsal 10 NR Rebleeding, coma 0 6
4 F 53 Hearing 
difficulty
Left Supraophthalmic Medial 10 CO Oculomotor nerve palsy, 
Transient
1 1
5 M 62 Visual 
disturbance
Left Supraophthalmic Ventral 35 NR Perforator infarction, right 
hemiparesis, transient
1 1
6 F 38 Headache Left Supraophthalmic Dorsal 16 CO Partial seizure, transient 1 1
7 F 57 Visual 
disturbance
Right Supraophthalmic Medial 27 CO Venous infarction, no 
symptom
1 1
8 M 65 Headache Left Supraophthalmic Ventral 13 CO Subdural hematoma, burr 
hole trephination, no 
symptom
0 0
RSD : retrograde suction decompression, op : operative, mRS : modified Rankin Scale, M : male, CO : complete occlusion, AchA : anterior choroidal 
artery, F : female, NR : neck remnant
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mal and distal dural rings, and bony structures including the 
ACP. The outcomes of direct surgery for large and giant ICA 
aneurysm were not favorable until the 1990s2,14). With the pro-
gression of technology, endovascular treatment has become 
another treatment option. However, even though endovascu-
lar treatment is less invasive and achieves lower morbidity and 
mortality rates when compared with microsurgical treatment, 
large and giant aneurysms treated by the endovascular meth-
od still experience a high rate of recanalization13,26). Flow di-
verters have gained increasing attention as good alternatives to 
microsurgery and conventional endovascular treatments but 
these have disadvantages in cases of large and giant aneurysms 
with low rates of complete occlusion and nonsignificantly 
high rates of complications17,21). Moreover, the use of a flow di-
verter for the treatment of a ruptured aneurysm can cause 
considerable problems due to the increased risk of hemor-
rhagic and thromboembolic complications inherent when us-
ing antiplatelet medications31). Furthermore, the potential risk 
of delayed rupture remains until the complete obliteration of 
the aneurysm33). In addition to their clinical disadvantages, 
other disadvantages of flow diverters in terms of financial as-
pects include the high cost of the device and restrictions on 
the use of f low diverters due to medical insurance issues in 
some countries27). In this regard, there is no absolute correct 
method for the treatment of large and giant intracranial ICA 
aneurysms and, therefore, microsurgical treatment might still 
be useful as a means to complement the shortcomings of en-
dovascular treatments.
Two important aspects of aneurysm surgery are proximal 
control of the parent artery and visualization of the aneurys-
mal neck. However, large and giant ICA aneurysms tend to 
occupy a large volume in a narrow space, and the proximal 
portion of intracranial ICA aneurysms is surrounded by com-
plex anatomical structures, so sufficient arachnoid dissection 
for proximal control and neck exposure is not possible in all 
cases. In addition, even if the aneurysm neck dissection is suf-
ficient, the intra-aneurysmal pressure of the large and giant 
aneurysm is high, so applying a clip is usually difficult unless 
the aneurysm is decompressed sufficiently. To solve these 
problems, several special strategies are required such as ade-
nosine-induced transient asystole or RSD.
Adenosine-induced transient asystole is the method for de-
compression of the aneurysm by inducing blood f low arrest 
due to temporary cardiac arrest by injecting adenosine intra-
venously16,25). The major benefit of this technique is that the 
aneurysm can be decompressed without additional surgical 
procedure. Moreover, this temporary f low arrest techinque 
can be used for controlling intraoperative bleeding. However, 
adenosine injection can cause some medical complication 
such as transient atrial fibrillation, hypotension and broncho-
spasm. Another disadvantage of adenosine injection is that 
the effect on a single injection is relatively short, about 30 sec-
onds.
RSD is another useful adjuvant technique for the treatment 
of large and giant ICA aneurysms. RSD was designed for the 
adequate relaxation of the aneurysm dome, enabling the sur-
geon to fully dissect between the ICA and its branches, allow-
ing adequate visualization of the aneurysm neck. In cases of 
large and giant ICA aneurysms, the neck of the aneurysm is 
often located in the juxtadural portion of the distal dural ring. 
Therefore, intracranial proximal control is often impossible 
without direct cavernous sinus exploration, which has a sig-
nificant risk for complications10). For this reason, temporary 
clipping for proximal control is usually performed on cervical 
ICA. However, due to the retrograde f low through the oph-
thalmic artery and cavernous ICA branches, pressure reduc-
tion of the aneurysm is often inadequate with temporary clip-
ping of the cervical and communicating segment of the ICA 
alone23). Repeated attempts to place clips in such a situation 
can lead to clip slippage or thromboembolic complications. 
Therefore, if such a problem is expected, RSD should be con-
sidered as the first option. Sufficient relaxation of the aneu-
rysmal sac and better visualization of the aneurysmal neck 
through immediate retrograde aspiration of ICA flow using 
RSD enables the successful clipping of large and giant ICA an-
eurysms. Additionally, exposed cervical ICA for RSD provides 
a route for intraoperative angiography to confirm complete 
occlusion of the aneurysm during surgery and for high-flow 
bypass in selected cases. In cases of large and giant ICA aneu-
rysm surgery, clip reconstruction is often required with many 
clips, which hinders confirmation of complete aneurysmal 
neck ligation or patency of the parent artery and branching 
artery. In particular, the use of fenestration clips due to the di-
rection of the aneurysm can increase the risk of flow compro-
mise or ICA or incomplete clipping24). Therefore, intraopera-
tive angiography can improve the success rate of surgery, 
which is another advantage of using RSD.
Some researchers think RSD may cause anemia and mor-
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bidity of the patient by causing the aspiration of too much 
blood. However, in this study, RSD did not lead to the aspira-
tion of a significant volume of blood, and even when the ex-
pected amount of blood was aspirated in conjunction with 
RSD, no patient suffered any postoperative complication cor-
related with hypovolemia. In addition, when there is concern 
about complications due to large blood loss during RSD, 
blood loss can be minimized by intraoperative autologous 
blood transfusion using a blood salvage system or blood-re-
turning circuit4,19). Other concerns when performing RSD in-
clude the increased length of operation time and temporary 
occlusion time. Although the operation time and temporary 
occlusion time were longer in the RSD group, the rate of pro-
cedure-related complications was not different between 
groups. Furthermore, burst suppression using pentothal sodi-
um for temporary clipping can be deployed safely to reduce 
the risk of ischemic complications. Another concern is that 
RSD causes complications linked to the exposure of and ac-
cess to the ICA such as ICA dissection or occlusion, thrombo-
embolic complication, and soft-tissue hematoma. However, 
no complications related to ICA injury were noted in this 
study and the procedure is rarely clinically problematic. More-
over, several alternative RSD techniques that avoid direct ICA 
puncture by puncturing ECA or CCA have been intro-
duced8,22,29,30) and might be applied to reduce the risk of ICA 
injury. As endovascular techniques continue to improve, re-
cent studies reported the use of endovascular RSD using a 
double-lumen balloon catheter, which obviates the need for 
cervical dissection and reduces the risk of ICA injury1,11). 
Overall, eight complications were reported in this study, but 
six of eight were asymptomatic or transient, and only two cas-
es (9.5%) were fatal complications (Table 4). Moreover, there 
were no complications attributable to the RSD technique it-
self. Considering the relative high morbidity and mortality of 
large and giant ICA aneurysms, this rate of complications 
might be acceptable when deciding whether to perform the 
RSD technique.
This study had some limitations. First, it was designed ret-
rospectively and included a small number of subjects from a 
single center. However, considering the low prevalence of large 
and giant ICA aneurysms, recruiting sufficient numbers of 
RSD cases for a prospective study might take considerable 
time. Moreover, because the number of RSD cases reported 
worldwide since the introduction of RSD is only 540 to date, 
the collection of 21 RSD cases from a single institution is by 
no means a small number. Therefore, the results of this study 
should be of considerable value for studies of the RSD tech-
nique. Second, due to the nature of this study conducted in a 
single institution, it is difficult to conclude that all the treat-
ment strategies used in this study and the outcomes derived 
from the treatment were the best. However, decisions on treat-
ment and specific plans for each case in this study were always 
determined by multidisciplinary discussions between neuro-
surgeons, neurointerventionists, and radiologists. Thus, the 
result of this study and indications for microsurgery of large 
and giant ICA aneurysms and for use of the RSD technique 
presented in this study will be useful as a reference in the deci-
sion making when selecting a treatment modality.
CONCLUSION
In this study, microsurgical treatment of large and giant in-
tracranial ICA aneurysms using the RSD technique showed 
competitive angiographic and clinical outcomes relative to 
those obtained using other conventional microsurgical tech-
niques. Moreover, using the RSD technique did not lead to a 
higher complication rate. The RSD technique might be a use-
ful technical option for the microsurgical treatment of large 
and giant intracranial ICA aneurysms.
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